Notes covering the talk entitled Reservoir and Lake Nutrient Criteria – A Different Approach presented to the Nutrient Criteria Task Force on November 22, 2005 

D.V. Obrecht, J.R. Jones and M.K. Knowlton – MU Limnology

Slide 1. Title slide

Slide 2. 


One of EPA’s suggested approaches to developing nutrient criteria can be classified as an “umbrella approach” in which all lakes and reservoirs are held to the same standards. Criteria can be selected by taking the 75th percentile of the reference waterbodies, the 25th percentile of all monitored waterbodies, or by using EPA’s 304(a) criteria.

Slide 3. 


Oxbows (n=12)
Reservoirs (n=135)

TP
212 ug/L

45 ug/L

TN
1.56 mg/L

0.73 mg/L


One problem with this approach is that holding all lakes and reservoirs to the same standard may be unrealistic. Oxbow lakes have total phosphorus values that are four times higher than the reservoirs and total nitrogen values that are twice as high, based on a simple comparison of median values. 


Oxbows have high nutrient levels because they are shallow waterbodies located in nutrient rich floodplains. In other words, phosphorus and nitrogen values are greatly influenced by lake morphology and location in the landscape.

Slide 4. 

Reservoir

mean TP
range

Maysville (n=10)
182

116 – 300

Grindstone (n=5)
147

90 – 218

Unionville (n=10)
 98

68 – 155

Long Branch (n=20)
 48

30 – 115

Viking
(n=16)

 26

19 – 40

Forest (n=19)

 23

14 – 44


Even if oxbows are dealt with as a separate group, there is still great variability among reservoirs located within a given region. The six reservoirs listed above are all drinking water sources located in northern Missouri. The mean TP is the long-term average phosphorus concentration (micrograms per liter), the range is the minimum and maximum annual average, and n is the number of summers monitored. The overall averages ranged from 23 to 182 micrograms per liter, an 8-fold difference. Setting a single phosphorus criterion for these reservoirs could pose a problem as a high criterion would not protect Forest and Viking, while a low criterion could make it difficult for Maysville and Grindstone to move off of the 303(d) list. 


Along with a large amount of variability among reservoirs, there is also considerable year to year variation within individual reservoirs. Annual average phosphorus concentrations in these reservoirs varies 2 to 3-fold. 

Slide 5. 


An alternative to the Umbrella Approach is the “Step Approach,” where one starts with a waterbody’s designated use and defines impairments to that use. The amount of algae that causes the impairment is then determined, and finally the nutrient concentrations associated with the impairing level of algal biomass is calculated. These nutrient concentrations are the basis for criteria. 

Slide 6. 


One problem with this approach is defining impairment. If full-body contact is the designated use; does impairment start when swimmers break out in rashes, when water clarity decreases to a point where swimming could be dangerous, or when the public stops swimming due to a green color?

Slide 7. 


When impairment can be defined, such as taste and odor problems in a drinking water supply, the algal biomass that relates to that impairment may be difficult to gauge. Taste and odor problems in drinking water reservoirs are related to the species of algae present more than the amount of algae present. It is very feasible to have taste and odor problems in one reservoir and not another, even though the reservoir without problems has higher algal levels. 


Impairment can be difficult to identify; and there is no consistent point when water quality shifts from good to bad.

Slide 8. 


There may be too many factors that influence water quality and too much variability within and among systems to allow for the setting of a single set of criteria to be used by the state for regulation.

Slide 9 - 11. 


The Umbrella and Step Approaches would take reservoirs that have agriculture in their watersheds…or development in their watersheds…and try to make them look like reservoirs that have pristine, forested watersheds.


While we can reduce impacts, it is not feasible to eliminate them and make all reservoirs mimic “reference” conditions. 

Slide 12. 


The EPA urges states to look at alternative methods for determining criteria. Some of the text from an EPA memorandum dated November 14, 2001 includes:

…(states can) develop their own criteria which reflect more locally representative conditions. 

…prioritize their waters…Such an approach should include a mechanism for evaluating the sensitivity of all waters…considering current and expected land use… 

Slide 13. 


We suggest a different approach to developing nutrient criteria, one that takes into account the factors that determine reservoir water quality.

Slide 14. 


It has been said that a lake is a reflection of its watershed. This is a true statement in that we find pristine lakes surrounded by pristine watersheds and impacted lakes surrounded by impacted watersheds.

Slide 15.
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The graph shows how the percent cropland in the watershed relates to phosphorus concentrations in Missouri reservoirs. The relationship is positive, where more cropland equates to more phosphorus. The r-squared value of 0.62 tells us that 62% of the variation in the phosphorus values for these reservoirs is explained by the amount of cropland in the watershed. 

Slide 16. 


As shown in the previous slide, a reservoir is a reflection of its watershed, but the intensity of that reflection is dictated by hydrology.

Slide 17. 

Equation





r-squared

TP = 4.27 + 0.36 %crop



0.62

TP = 5.53 + 0.33 %crop - 0.50 DH


0.73

TP = 5.20 + 0.35 %crop - 0.37 DH + 0.12 FI

0.77

(DH = dam height, FI = flushing index)


When morphological data are added to the regression analyses, we find that the r-squared values (and the explanation of variation among reservoirs) increase. The addition of dam height (DH) and flushing index (FI) increases the r-square to 0.77. Dam height can be thought of as a measure of the reservoir’s morphology and has a negative relation to phosphorus concentration. If all other factors were held constant, increasing a reservoir’s dam height would result in lower phosphorus concentrations in the reservoir. Flushing index (FI) relates to hydrology and has a positive relation to phosphorus concentration. Reservoirs that have high rates of inflow (relative to volume) tend to have higher levels of phosphorus.  

Slide 18. 
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The rest of the talk will use the term Residence Time (RT) instead of flushing index. This is simply the theoretical time it takes for water to move through the reservoir. A reservoir with a large volume relative to watershed size (which dictates the amount of inflow) might have a residence time of 2-10 years (top figure). In comparison, a reservoir with the same volume and a larger watershed (more inputs) would have a shorter residence time; maybe on the scale of 3-6 months. 


This is an important concept because the longer that water remains in the reservoir, the longer that processes such as sedimentation can occur. The water at the dam of a reservoir with a long residence time can be very different from the inflowing water in terms of nutrient concentrations. While a reservoir with a very short residence time shows much smaller differences in water quality at the dam versus the inflowing water.

Slides 19-24. 


This series of figures plots the residence time of 135 Missouri reservoirs against the percent of crop land within the watersheds. Symbols were then filled to highlight reservoirs that had varying long-term average phosphorus values. 

Slide 20.
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The second figure highlighted reservoirs with less than 20 micrograms per liter of phosphorus. The residence times for these reservoirs varies widely. What these reservoirs have in common is that there is very little crop land in the watersheds. If impacts in the watershed are minimal, and thus the nutrient inputs are minimal, hydrology is not as important of a factor.

Slide 22.
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The fourth figure in the series highlighted reservoirs with 50 to 75 micrograms per liter phosphorus. Residence Time did vary for these reservoirs, but not as much as for the low phosphorus category (<20 ug/L). Reservoirs with short residence times in this category also had low inputs (%crop). As inputs increase so must the residence time in order for the reservoirs to remain in the 50 - 75 microgram per liter category. (In other words, a reservoir with more nutrient inputs could still maintain this level of phosphorus as long as the residence time was long enough to allow for sedimentation).

Slide 24.
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The sixth figure in the series highlighted reservoirs with more than 100 micrograms per liter phosphorus. All of these reservoirs had more than 20% of their watersheds in crop, and all but one had a residence time of less than a year. Reservoirs with the largest nutrient values in Missouri tend have a fair amount of impact in their watersheds and a hydrology (i.e. low residence time) that does not allow for much sedimentation. 

Slide 25. 


Reservoirs highlighted in Slide 20 are the ones that not only have low nutrient levels, but are also the ones that should be protected from future degradation. While reservoirs highlighted in Slide 24 have a combination of watershed land use and hydrology that may limit in-reservoir nutrient reduction. 

Slide 26. Photo of reservoir.

Slide 27. We can divide Missouri’s reservoirs into groups based on residence times and percent of watershed in crop. This allows us to look at nutrient concentrations relative to the influencing factors.

Slide 28.

	Percent Crop
	Short Res. Time
	Med. Res. Time
	Long Res. Time

	>40%
	116 ug/L
	75 ug/L
	47 ug/L

	20 – 40%
	97 ug/L
	80 ug/L
	53 ug/L

	10 – 20%
	59 ug/L
	54 ug/L
	33 ug/L

	4 – 10%
	40 ug/L
	27 ug/L
	

	<4%
	17 ug/L
	
	



The phosphorus values shown in Slide 28 represent median values for all of the reservoirs that fell into a given %Crop-Residence Time category. The table shows that for a selected level of crop, a higher residence time translates to smaller phosphorus concentrations. This influence of residence time decreases as the amount of crop within the watershed is reduced; so that there are no differences in phosphorus levels among the three residence time categories when crop is < 4%. 


If we look at the phosphorus values within a single residence time category we find no difference between the top two levels of crop for the medium and long residence time categories (there is a slight decrease in the short residence time category). It isn’t until the crop drops to below 20% that decreases in phosphorus become notable.

Slide 29. Box Plot of data used in the above table.

Slide 30. 


Can we use agriculture to classify reservoirs?

Slide 31. 


In order to accept this or a similar approach, we need to accept two things:

1) Pin-pointing the nutrient levels where impairment begins is virtually impossible

And

2) Reservoirs were built into landscapes that had already been altered.

Slide 32. 


In 1920, between 11% and 21% of Missouri’s land surface area was dedicated just to corn production. 

Slide 33. 

Missouri’s reservoirs > 10 acres in size

Year completed
#
%

1800 - 1920

122
8

1920 - 1940

267
18

1940 - 1960

68
5

1960 - 1980

909
61

1980 - 1995

121
8


Agriculture has been part of the landscape for some time in Missouri. In comparison, the reservoirs are relatively new. 

Slide 34. 


By using the factors that control in-reservoir nutrient levels, we can identify those reservoirs that need the most protection, those that are very limited in terms of nutrient reductions, and those that might respond best to watershed management.

Slide 35. 


This approach allows the state to:

- Identify and protect the reservoirs that have low nutrient levels due to low watershed impacts

- Identify and focus on the reservoirs that have higher nutrient concentrations than expected, given watershed land use and hydrology.

-Gauge the potential for successful nutrient reduction by looking at the factors that control in-reservoir nutrient concentrations. And focus limited resources ($$) on those reservoirs where improvements can be made.

Bonus Graphs:

Slide 36. 


Box plot showing the percent of crop in the watershed of reservoirs in the Plains region (n=82) versus reservoirs located in the Ozarks (n=53). Plains reservoirs range from near zero to ~75% crop, with the middle half of the reservoirs being between 15% and 43% crop. Ozarks reservoirs ranged from zero to ~27% crop, with the middle half being between 1% and 7%.

Slide 37. 


Box Plots showing forest land cover. Plains reservoirs ranged from near zero to ~ 90%, with the middle half of the reservoirs being between 9% and 22%. Ozark reservoirs ranged from ~10% to ~95%, with the middle half being between 51% and 74%. 

Slide 38. 


Box Plots showing grass land cover. Plains reservoirs range between zero to 80%, with the middle half being between 23% and 47%. The Ozark reservoirs range from zero to 60%, with the middle half being between 15% and 36%.
